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Abstract
Objectives: This paper investigates the role of epistemic belief in affecting Internet users’ decision to share online health rumors. To delve deeper, it examines how the characteristics of rumors—true or false, textual or pictorial, dread or wish—shape the decision-making among epistemologically naïve and robust users separately.
Methods: An experiment was conducted. Responses were obtained from 110 participants, who were exposed to eight rumors. This yielded 880 cases (110 participants x 8 rumors) for statistical analyses.
Results: Epistemologically naive participants were more likely to share online health rumors than epistemologically robust individuals. Epistemologically robust participants were more likely to share textual rumors than pictorial ones. However, there were no differences between true and false rumors or between dread and wish rumors for either epistemologically naive or robust participants.
Conclusions: This paper contributes to the understanding of users’ health information sharing behavior. It encourages users to cultivate robust epistemic belief in order to improve their online health information processing skills.





The Internet has become an important source of health information. Almost 90% of those who experience a health concern go online as their first port of call to look for more details [1]. By offering convenient access to an ever-growing volume of health information, the Internet somewhat alleviates the public’s demand for face-to-face consultation with medical professionals [2].
This positive development comes with a potential downside posed by the prevalence of online health rumors—messages whose veracity is unknown to users [3]. While some rumors prove to be true, others turn out to be hoaxes. When health-related hoaxes become viral, they not only create confusion but also stir up unnecessary anxiety in the community.
On the scholarly front, a dominant theme is the study of the spread of rumors on social media. Some works examine users’ motivation to share rumors [4,5]. Others liken the propagation of rumors to epidemiological models of disease spread or distributed message-passing protocols [6,7,8,9,10,11].
However, there are at least two research gaps. First, although epistemic belief affects Internet users’ information-processing strategies [12,13], there is little empirical investigation on the role of such an individual trait in the context of sharing rumors. Epistemic belief encompasses perceptions about the characteristics of knowledge and the process of knowing [14,15]. Individuals who consider knowledge to be relatively rigid and can be acquired easily are epistemologically naïve. In contrast, those who consider knowledge to be relatively fuzzy and needs to be acquired through substantial effort are epistemologically robust. It is thus interesting to examine how epistemologically naïve and robust users differ in their decision to share rumors.
Second, the extent to which users’ decision to share is influenced by the characteristics of rumors is not well understood. There is growing evidence that hoaxes (false rumors) travel faster than rumors that later prove to be true (true rumors) [16]. In addition, there are rumors that are presented purely in text (textual rumors) and those that contain a combination of texts and images (pictorial rumors). Moreover, some rumors strike panic (dread rumors) while others offer hope (wish rumors). Nonetheless, current rumor research remains mum about the ways in which users’ sharing decision on social media is shaped by the true-false, the textual-pictorial, and the dread-wish dichotomies of rumors.
Hence, this paper investigates how epistemic belief affects Internet users’ decision to share online health rumors. To delve deeper, the paper examines how the characteristics of rumors—true or false, textual or pictorial, and dread or wish—shape the decision-making among epistemologically naïve and robust users.




The decision to share a given rumor stems in part from an individual’s epistemic belief, which encompasses perceptions about the characteristics of knowledge and the process of knowing. The characteristics of knowledge is the point on which knowledge is perceived on a rigid-versus-fuzzy scale. The process of knowing is the point on which acquiring knowledge is perceived on an easy-versus-difficult scale [14,15].
A growing stream of literature suggests that epistemic belief affects Internet users’ information-processing behavior [12,13,17]. This is informed by the personal epistemology framework [15]. According to the framework, epistemologically naïve individuals are those who consider knowledge to be relatively rigid and easy to acquire. On the other hand, epistemologically robust individuals are those who consider knowledge to be relatively fuzzy and difficult to acquire. Unlike epistemologically naïve individuals who tend to be gullible, epistemologically robust individuals are generally vigilant in processing information [14,15,17]. However, the personal epistemology framework has not been applied in the context of rumors.

2.2. Rumors’ Characteristics
Three aspects of rumors’ characteristics attract scholarly attention: Whether rumors prove to be true or turn out to be hoaxes [18], whether they are textual or pictorial [19], and whether they instill fear or offer hope [20]. Falsehoods are generally more viral than truths on social media. Hence, it takes much longer to resolve rumors that turn out to be hoaxes than those that later prove to be true [16]. This raises the question of whether users somehow end up sharing false rumors more often than true ones.
Also, compared to text-only information, images with text are more persuasive and evoke a greater sense of realism. However, discerning users are well aware that image processing software such as Photoshop can easily create fictitious images that look genuine [19]. More empirical evidence is thus needed to understand the way the textual-pictorial dichotomy of rumors affects users’ decision to share.
Next, rumors differ in their intended effect. Dread rumors strike panic, and are shared out of fear that gloomy prognoses would come true. On the other hand, wish rumors give hope, and their virality stems from the compelling propositions they purport to offer [21]. The current scholarly understanding about how users’ sharing decision differs as a function of the characteristics of rumors remains fuzzy.

2.3. Research Questions
The prevalence of rumors makes it challenging for users to determine the quality of online health information. In the absence of authoritative voices, some users could unwittingly become rumor-mongers themselves when they pass along medically unsound information to other users [5,7,22,23]. Nevertheless, how users’ sharing behavior is shaped by their own epistemic beliefs and rumors’ characteristics are not well understood. Hence, the following research questions are investigated:
RQ1: How does epistemic belief affect users’ decision to share rumors?
RQ2: Among epistemologically naïve users, how does decision to share differ between (a) true and false rumors; (b) textual and pictorial rumors; (c) dread and wish rumors?




The research design involved a 2 (true-false dichotomy) x 2 (textual-pictorial dichotomy) x 2 (dread-wish dichotomy) within-participants web-based experiment. Shown in Table 1 are the eight conditions created as experimental stimuli to which the participants were exposed. Each condition represents a different rumor. The order in which the participants were exposed to the conditions was counter-balanced to control for carryover effects.1

Table 1. Eight conditions in the experiment.
True-False Dichotomy	Textual rumors	Pictorial rumors
	Dread rumors	Wish rumors	Dread rumors	Wish rumors
True rumors	Rumor 1	Rumor 2	Rumor 3	Rumor 4
False rumors	Rumor 5	Rumor 6	Rumor 7	Rumor 8


To shortlist rumors for the experimental stimuli, this paper used the Chinese rumor-verification website liuyanbaike.com that contains some 800 health rumors. The website engages domain experts to mark these rumors as either true or false. 
Three research assistants were recruited to create the experimental stimuli. They were graduate students of Information Systems in a large public university in Southeast Asia, and effectively bilingual in English as well as Chinese. Rumors from liuyanbaike.com, already verified by the domain experts as either true or false, were randomly selected and coded based on the dread-wish dichotomy. Specifically, rumors were coded as dread if they instilled fear, and as wish if they offered hope. When consensus could not be reached, the corresponding rumor was ignored. After a few iterations of random-selection followed by coding, eight rumors uniformly distributed across the conditions of the experiment were identified.
Since the rumors were in Chinese, they were translated into English (Appendix A). All translations were first done using Google Translate. The translated rumors were checked for accuracy, and rephrased where necessary. The true-false characteristic of rumors had already been established by the website, while the textual-pictorial characteristic was obvious from the rumors. Only the induction of the dread-wish characteristic needed to be confirmed. For this purpose, a separate group of 10 research assistants was hired to perform the induction check. As for the main experiment, induction check questions were not asked because they could lead to what is known as demand characteristics [24].

3.2. Procedure
Participation for the experiment was solicited using an advertisement posted on several notice boards in a large public university in Southeast Asia as well as the researchers’ online social networks. The advertisement specified two eligibility criteria: one, participants must be familiar with online health information seeking; and two, they must be regular information sharers on social media. These criteria ensured that the participants were familiar with the task at hand. Individuals who met the criteria and contacted the researchers indicating their interest to participate were selected.
The experiment comprised four parts. The first part presented the eight rumors—indicated to the participants simply as messages, not rumors. Each rumor was presented on a separate web page accompanied by a question that asked participants if they wanted to share the information with others in their social networks (1=yes, 0=no).2 After answering the question for a given rumor, participants had to click on the Next button to proceed to the next rumor. This continued until they were exposed to all the eight rumors.
The second part of the experiment asked demographics questions. Information about age, gender and professional status was sought.3
The third part of the experiment measured the participants’ epistemic belief. The questionnaire items were adapted from the 18-item Internet-specific epistemological questionnaire (Cronbach’s α=0.87) [17]. For each item, participants were asked to rate their degree of agreement on a five-point scale (1=strongly disagree, 5=strongly agree). Higher scores indicate more epistemologically naïve perceptions (Appendix B).
The fourth part of the experiment asked the participants if they had earlier come across any of the eight rumors shown to them. All the participants indicated that were not familiar with the rumors. This ensured that the participants viewed the entries as rumors, which have been defined earlier in this paper as messages whose veracity is unknown.

3.3. Analysis
Complete responses were obtained from 110 participants. Each of them was exposed to the eight rumors. Thus, the data contained 880 cases (110 participants x 8 rumors).
Prior to analysis, the participants were dichotomized as either epistemologically naïve or robust based on their responses to the 18-item Internet-specific epistemological questionnaire. A median-split was conducted [25,26]. Participants who scored above the median were deemed as being epistemologically naïve (Nn=58), while the rest were considered to be epistemologically robust (Nr=52).
Since only categorical variables were involved, all analyses were done using Chi-square test of independence (χ2-test). Specifically, the χ2-test for RQ1 examined the relation between the participants’ epistemic belief and their decision to share rumors. The scope of RQ2 was trained on responses from the epistemologically naïve participants while that of RQ3 was limited to responses from the epistemologically robust participants. The χ2-tests for both RQ2 and RQ3 examined the relation between the participants’ decision to share and (a) the true-false, (b) the textual-pictorial as well as (c) the dread-wish dichotomies of rumors.

4. Results
As indicated earlier, there were 58 epistemologically naïve participants (Nn=58). They viewed rumors 464 times (58 participants x 8 rumors). Likewise, there were 52 epistemologically robust participants (Nr=52) who viewed rumors 416 times (52 participants x 8 rumors). The descriptive statistics of their decision to share across rumors’ characteristics are shown in Table 2.

Table 2. Descriptive Statistics.
Dichotomies of Rumors	Naïve Participants (Nn=58)	Robust Participants (Nr=52)









Note. All percentages are rounded to the nearest integer.


The χ2-test for RQ1 indicated that the participants’ decision to share rumors differed significantly across epistemic belief, χ2(1,N=880)=51.19, Cramer’s V=0.24, p<0.001. Rumors were shared more often by epistemologically naïve participants (44%) than epistemologically robust individuals (21%).
The χ2-tests for RQ2 found non-significant differences in the epistemologically naïve participants’ decision to share across the true-false dichotomy, χ2(1,N=464)=0.71, Cramer’s V=0.04, p=0.40; the textual-pictorial dichotomy, χ2(1,N=464)=1.06, Cramer’s V=0.05, p=0.30; and the dread-wish dichotomy, χ2(1,N=464)=0.01, Cramer’s V=0.00, p=0.93. The epistemologically naïve participants did not differ in their decision to share regardless of rumors’ characteristics.
The χ2-tests for RQ3 found that the epistemologically robust participants’ decision to share differed significantly between textual and pictorial rumors, χ2(1,N=416)=34.32, Cramer’s V=0.29, p<0.001. They shared textual rumors (33%) more often than pictorial ones (10%). However, their decision to share did not differ across the true-false dichotomy, χ2(1,N=416)=1.73, Cramer’s V=0.06, p=0.19; and the dread-wish dichotomy, χ2(1,N=416)=0.13, Cramer’s V=0.02, p=0.72.

5. Discussion and Conclusions
5.1. Findings
This paper aimed to investigate how epistemic belief affects users’ decision to share online health rumors. It further sought to examine how the characteristics of rumors—true or false, textual or pictorial, and dread or wish—shape the decision-making. Three research questions were addressed. The result for RQ1 indicated that epistemologically naïve participants were more likely to share rumors than epistemologically robust individuals. The result for RQ2 indicated no differences in decision to share across rumors’ characteristics among epistemologically naïve participants. The result for RQ3 indicated that epistemologically robust participants were more likely to share textual rumors than pictorial ones.
Four findings emerge from the results. First, epistemologically naïve individuals fueled the spread of rumors more often than epistemologically robust ones. As information stoppers, the latter can actually serve as a barrier to the flow of rumors. This finding augments prior works that investigated the spread of rumors from a networking perspective [6,7,8]. They represented users as nodes that were randomly categorized as ignorants, spreaders and stiflers [9,10]. Ignorants refer to those who do not encounter a given rumor. Spreaders are those who actively share the rumor after being exposed to it while stiflers are those who encounter the rumor but do not share it [11]. Hitherto, little is known about what makes one a spreader, and another a stifler. In this vein, this paper suggests that spreaders are likely to be epistemologically naïve while stiflers tend to be epistemologically robust.
Second, while epistemologically naïve individuals’ decision to share did not differ between true and false online health rumors, it was surprising that this was also the case among epistemologically robust individuals. The literature consistently found epistemologically robust individuals to be more careful vis-à-vis their epistemologically counterparts when browsing the Internet to search for unfamiliar health issues [12,13,17]. It seems that epistemologically robust participants were no better than their naïve counterparts in discerning rumor veracity based on gut-feeling when medically authoritative voices were absent. Their general wariness toward rumors—whether true or false—might have curtailed their decision to share.
Third, textual rumors were more likely to be shared than those with images. This was particularly true among epistemologically robust participants. Fortuitously, recent studies suggest that pictorial rumors are more likely to be bogus than textual ones [19]. Hence, it might be a blessing in disguise that users are disinclined to share pictorial rumors.
Fourth, the participants’ decision to share was independent of the dread-wish dichotomy of rumors. Dread rumors are known to be more viral and trustworthy than wish rumors [20,22]. Yet, this paper does not find participants sharing dread rumors more than they would do so for wish rumors. This counter-intuitive finding could be attributed to the increasing ease of information sharing. Applications such as Facebook and Twitter have made sharing such a convenient task that users perhaps do not ponder much before disseminating unverified information. This could be the reason why the Internet is regarded as a breeding ground for rumors in general—not specifically for dread rumors.

5.2. Limitations
The paper has two limitations. First, all participants were between 21 and 35 years of age. Some participants could harbor certain preconceived notions about the health rumors due to a priori beliefs. Such potential biases were not controlled.
Second, the participants were not explicitly told to browse the Internet during their participation. Had it been done, they could have leveraged their online information seeking skills more effectively to ascertain the veracity of the rumors shown in the experiment. This in turn could have helped glean more naturalistic findings.

5.3. Implications for Research
This paper offers two implications for research. First, it represents one of the earliest works to examine the role of epistemic belief in shaping users’ decision to share online health rumors. In general, several works have examined how users’ epistemic belief affect their behavior during online searches [12,17]. However, research on the role of epistemic belief in shaping users’ decision to share messages is in its infancy. Contributing to this area of research was essential because unlike online information searching that represents an individualized task, online information sharing is an activity that holds significance for the entire online community. With the personal epistemology framework as the theoretical lens [15], this paper explores an uncharted territory by examining the extent to which epistemic belief of individual users could be harnessed to control the spread of rumors on social media applications such as Facebook and Twitter.
Second, this paper dovetails prior works that studied the spread of rumors from a networking perspective [6,7,8,9,10,11] by showing epistemologically naïve users as spreaders and epistemologically robust individuals as stiflers. The Internet is often considered a platform that allows wide and rapid dissemination of rumors. While epistemologically naïve users are ideal catalysts that add fuel to fire, epistemologically robust users appear to be the perfect antidote to this rumor-spreading force. By being conscientious in not spamming the online environment, epistemologically robust users could therefore potentially gatekeep the Internet. 

5.4. Implications for Practice
On the practical front, this paper offers two implications. First, it recommends users to take health-related information that swirls around the Internet with a pinch of salt. After all, the Internet is a platform that allows wide and rapid dissemination of all kinds of information [23]. While some rumors prove to be true, others might be busted eventually. However, at the point of circulation, it is challenging to determine their veracity.
Second, this paper encourages users to cultivate robust epistemic belief. If users become epistemologically robust, the virality of online rumors could be curtailed. It could even help minimize unnecessary traffic on the Internet. The importance of robust epistemic belief could be incorporated in campaigns such as the National Cyber Security Awareness Month organized every October in the United States stressing the need to “Be Web Wise” and “Be a Good Online Citizen”.

Footnotes
1.	To control for potential confounding factors in the experiment, the following steps were taken: First, the eight rumors shown to the participants were randomly chosen from a single source on a single theme—health. Second, the order in which the participants were exposed to the conditions was counter-balanced. Third, participation to the experiment was confined to a uniform group of participants aged between 21 and 35 years with experience of seeking online health information in the recent past. Fourth, responses were admitted for analysis only when participants indicated that they had not come across any of the rumors prior to their participation. This ensured that the participants did not know if the rumors were true or false beforehand.
2.	A single question seeking dichotomous response was preferred to multiple questions on a Likert-type scale. Unlike the latter which is suited to capture degree of agreement, the yes-no response more closely resembles users’ online sharing behavior—either clicking on the Share button in Facebook, or on the Retweet button in Twitter.
3.	Of the 110 participants, 12 aged between 21 and 24 years, 35 aged between 25 and 28 years, 15 aged between 29 and 32 years, and 48 aged between 33 and 35 years. In terms of gender distribution, 54 were females. While 77 were graduate students, the rest were working adults.
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The rumors used as the experimental stimuli are listed as follows:

Rumor 1: Textual dread rumor (true): When parking vehicles outdoors or in the midst of a traffic jam, the engine is currently in an idle state with low rates of combustion, resulting in accumulation of carbon monoxide in the vehicle surroundings. If the air conditioner is currently in its outer loop state, the increase in carbon monoxide levels in the vehicle will increase the risk of carbon monoxide poisoning. Therefore, during traffic jams and poor weather conditions, it is recommended to set the air conditioner to inner loop state. However, prolonged use of the inner loop, coupled with the lack of air exchange between the interior and exterior of the vehicle, the accumulation of carbon dioxide levels exhaled by people in the vehicle increases the risk of suffocation. (122 words)

Rumor 2:  Textual wish rumor (true): A 44 year old French man went for CT and MRI scans due to feebleness in his left leg. The doctor was surprised to discover that his brain tissues were severely flattened due to severe hydrocephalus. Amazingly, he leads an ordinary lifestyle. Besides, he is not only married, but also works as a civil servant. (55 words)

Rumor 3: Pictorial dread rumor (true): Mammals prey on small freshwater fishes, where the former is the terminal host to be infected in the food chain. Since humans seldom consume small freshwater fishes, they are unlikely to be infected. However, these small freshwater fishes may be preyed upon by large carnivorous fishes, such as trout and perch, so that these large fishes may also be infected. Hence, people consuming those fishes risk being infected by tapeworms. (70 words)


Rumor 4: Pictorial wish rumor (true): Ruptured tendons can be treated: they are usually reconnected via surgery, after which the affected limb has to be immobilized for a few weeks to relax the tendon so that it can heal properly. Subsequently, physiotherapy is required to prevent adhesions and restore the normal limb functionalities. (47 words)


Rumor 5:  Textual dread rumor (false): Consuming meat on a regular basis will result in decrease of IQ, which is an interesting phenomenon observed by British scientists in a recent research which involved 8170 participants. Upon further IQ tests, results suggest that on average, vegetable lovers are characterized by an increase in IQ of 38% as compared to their childhood days. Meat lovers on the other hand, are characterized by an increase of only 15%. (69 words)

Rumor 6: Textual wish rumor (false): Smoking helps prevent a number of diseases, including Alzheimer's disease. That's because smoking enhances one's ability to think, which in turn helps to prevent dementia. (25 words)

Rumor 7: Pictorial dread rumor (false): A TV programme claims, "The World Health Organization believes that electromagnetic pollution affects people's nervous, immune and reproductive systems, induces cardiovascular diseases and even causes cancer." A Weibo post, entitled "Urgent Broadcast: Stay away from your induction cooker! The electromagnetic radiation can cause cancer", includes an excerpt from the TV programme, attracting public attention about induction cookers and electromagnetic radiation safety. (61 words)


Rumor 8: Pictorial wish rumor (false): To stop nose-bleeding, the correct way is to firmly pinch the area above of the nostrils, as illustrated on the diagram. Most importantly, tilt your head slightly forward and not backward! Plugging your nose with cotton wool can work indirectly due to the exertion of pressure, though you have to breathe through the mouth in this case. For young child, you may hold him in your arms and pinch his nose and tilt his head slightly forward. One thing you must remember, do not look up! Tilting the head backwards may cause blood to flow into the trachea and obstruct it. (101 words)

Appendix B
The items used to measure epistemic belief are as follows:
(1) The truth about almost every health-related issue is available on the Internet.
(2) Correct health-related information can be found on the Internet.
(3) On the Internet, many different sources provide correct information about health-related issues.
(4) The Internet contains concrete information about health-related issues.
(5) Most of what is true about health-related matters are available on the Internet.
(6) The strength of the Internet is the vast amount of detailed information that is located there about health-related issues.
(7) The Internet can provide me with most of the knowledge I need to know about health-related issues.
(8) The most important aspect of the Internet is that it contains so many specific facts about health-related issues.
(9) When I encounter difficult health-related problems, I feel safe if I find information about them on the Internet.
(10) On the Internet, the richness of detail about health-related issues is most prominent.
(11) I often doubt if the Internet really is a good source for health-related information. (R)
(12) The Internet contains accurate information about the health-related problems that I face.
(13) I am most confident that I have understood something about health when I have used the Internet as a source of information.
(14) On the Internet, there are more facts than speculations about health-related issues.
(15) I evaluate health-related information available on the Internet by checking more sources. (R)
(16) To check the credibility of health-related information available on the Internet, I try to compare multiple sources. (R)
(17) I check if the health-related information available on the Internet is logical. (R)
(18) To check if the health-related information available on the Internet is reliable, I evaluate it in relation to other knowledge I have. (R)

(R) Reverse-coded item



